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Pr  e 1 ini  n ar  y Remark  s . 

The  Engineering  Experiment  Station  of  the  Uni- 
versity of  Illinois  is  planing  to  run  an  extensive  series  of 
coal  tests  in  residence  heating  boilers  in  order  to  determine 
the  relative  value  of  and  the  most  economical  method  of  firing 
the  various  kinds  of  coal  used  in  the  State  of  Illinois  for 
house  heating  purposes. 

This  thesis,  presented  for  the  degree  of  Bachelor  of 
Science  in  Mechanical  Engineering,  consists  of  a description  of 
the  apparatus  used  together  with  a detailed  account  and  report 
of  the  results  of  a series  of  such  tests. 

This  series  of  tests,  eight  in  number,  was  conducted 
in  an  hrco  Steam  Heating  Boiler,  located  in  the  Mechanical 
Engineering  Laboratory  of  the  University  of  Illinois,  and  was 
preliminary  to  the  more  extensive  series  contemplated  by  the 
Engineering  Experiment  Station. 

Purpose  of  Test. 

The  object  of  these  tests  was  to  determine  the 
relative  value  of  four  different  coals  for 'use  in  a residence 
heating  boiler. 
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Description  of  Apparatus! 

Boiler;-  The  Arco  stean  boiler  used  in  tliese  tests  was 
made  by  The  American  Radiator  Company.  Its  description  and 


leading  dimensions  are  as-  follows:- 

Catalogue  number  1-28-S 

Serial  number  5866 

Rated  capacity  in  sq.ft. of  direct  radiation  800 

Height  over  all  5 '-10- 1/4" 

Height  of  water  line  4 '-8" 


Floor  space 

Size  of  fire  door 

Height  of  fire  door  above  grate 

Area  of  grate  (circular) 

Fuel  capacity  to  center  of  fire  door 


12  s q .ft . 
9-5/8"xl8" 
14" 

4 sq.ft. 
200  lbs. 


Height  of  furnace 

Approximate  width  of  air  space  in  grate 
Ratio  of  air  space  to  entire  grate  surface 
Least  flue  area  in  boiler 

Water  heating  surface  in  direct  contact  with 
flames,  or  fire  pot  surface. 

Indirect  water  heating  surface 
Superheating  surface 
Total  heating  surface 


22-1/2" 

3/8" 

0.5 

0.4?  sq.ft . 

18.8  sq.ft. 

19.3  sq.ft. 

5.3  sq.ft. 

43.3  sq.ft. 
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Ratio  of  total  heating  surface  to  grate  surface  10.8 
Ratio  of  direct  heating  surface  to  total  heating 

surface  0.43 

Ratio  of  minimum  draft  area  to  grate  surface  0.11? 

An  exterier  view  of  the  boiler  is  show,  in  Pig.l. 

Pig. 2 shows  the  construction  of  the  grate,  while  Figs. 3, 4, 5, & 6, 
show  the  arrangement  of  the  heating  surface. 

Flues;  For  the  first  five  tests  the  furnace  was  con- 
nected b y a 10w  galvani zed-iron  smoke  pipe  to  a brick  chimney 
as  may  be  seen  in  Fig.?.  The  dimensions  of  the  chimney  and 


smoke  pipe  are  as  follows;- 

Inside  dimensions  of  chimney  (nominal)  8Mxl6M 

Height  of  chimney  above  grate  35  ft. 

Diameter  of  pipe  connecting  to  chimney  10  in. 

Length  of  pipe  connecting  to  chimney  29  ft. 

Number  of  elbows  in  pipe  3 


In  the  remaining  tests  a galvanised  iron  stack  was 
substituted  for  the  chimney.  This  arrangement  is  shown  in  Fig. 8. 
The  dimensions  are  as  follows;- 

Diameter  of  stack  14  in. 


Height  above  grate 


39«-4" 
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Diameter  to  pipe  connecting  to  stack 
Lengtli  of  pipe  connecting  to  stack 


10  in. 


Number  of  elbows 


2 


Number  of  thirty- degree  bends 


1 


Height  of  center  of  horizontal  pipe  above  grate  8‘ 

The  reasons  for  making  this  change  mil  be  given  in 


the  discussion. 


i^nks!-  The  feed  water  apparatus  consisted  of  one 
receiver  and  two  calibrated  feed  tanks.  These  three  tanks  were 
galvanized  iron  range  boilers.  Their  setting  can  be  seen  in 
fig*?  and  Pig. 8.  The  change  in  setting  was  made  necessary  by 
the  erection  of  the  smoke  stack  mentioned.  In  the  two  cases 
the  operation  of  the  apparatus  was  identical. 


return  water  conditions  in  actual  steam  heating  systems,  and  to 
prevent  scale  being  formed  in  the  boiler,  which  would  result  if 
water  were  used  directly  from  the  mains,  the  water  of  conden- 
sation from  the  heating  coils  of  the  laboratory  was  used  to 
feed  the  boiler. 


In  order  to  obtain  feed  water  conditions  similiar  to 


Deferring  to  Pig. 9,  the  operation  of  these  tanks  i 


is  as 


f ol lows 


the  receiver  3. 


The  water  from  the  coils  passes  through  pipe  a into 
er  3.  To  fill  tank  l,  air  vent  f,  bleeder  valve  k. 


> 


. . 


. 
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and  supply  valves  jg  and  h were  opened,  air  valve  jt,  and  feed 

j 

valves  and  k were  closed.  Tlie  steam  pressure  on  tlie  heating 
coils  forced  the  water  from  3 through  pipes  Jb  and  c_,  into  tank 
JL.  When  the  tank  was  filled  to  the  top  mark  on  the  scale,  the 
water  overflows  through  valve  f . Valves  £ and  h were  then  closed 
and  i_  opened.  The  object  of  the  bleeder  valves,  JL,  k,  s,  and  o, 
is  to  detect  any  leakage  which  miglvt  occur  past  the  shut-off 
valves  £,  JL,  r,  and  n.  After  the  water  stopped  overflowing, 
f and  k were  closed,  and  A*  and  _t  were  opened.  The  air  pres- 
sure in  the  tank  forced  the  water  from,  the  bottom  of  the  tank 
through  _c  into  the  feed  pipe  e,  which  leads  to  the  boiler. 

While  tank  JL  was  feeding  the  boiler,  tank  2 was  being  filled  fron 
the  receiver  in  the  same  way  that  tank  _1  was  filled.  When  JL 
was  nearly  empty,  j and  J.  were  closed,  and  water  from  2 was 
fed  to  the  boiler,  and__lwas  refilled.  In  this  way  1_,  and  2 
were  used  alternately  for  feeding  the  boiler.  The  air  pressure 
as  shown  by  gage  _1  Fig. 8,  had  to  be  great  enough  to  feed  tlie 
water  against  the  pressure  in  the  boiler.  The  amount  fed  to 
the  boiler  was  regulated  by  the  needle  valve  2 and  globe  valve  _3 
Fig. 8. 

Reducing  Valve: - The  pressure  reducing  valve  shown  at  4,  Fig 8 


is  size  X-l/2"x3",  made  by  the  Foster  Engineering  Co.,  Newark,N.j. 


t 
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Separator: - The  separator  is  shown  in  Pig.  10.  The  3 in. 
pipe  J,  extends  to  the  lower  end  of  the  7 in.  pipe  The  steam, 

passes  down  the  3 in.  pipe,  is  reversed  in  direction,  the 
moisture  passing  into  the  graduated  receiver  3,  and  the  dry 
steam  passes  out  through  pipe  4,  through  the  orifice  contained 
between  the  faces  of  the  union  5 , and  into  the  exhaust  6,  The 
valve  ? is  a by-pass  to  permit  the  stesrn  to  pass  out  without 
going  through  the  orifice.  The  orifice  may  be  removed  when  tlie 
by-pass  is  open  and  valves  8 and  9 are  closed. 


Orifice: - The  amount  of  steam  allowed  to  pass  into  the 

exhaust,  or  the  rate  at  which  the  boiler  works,  was  controlled 
by  an  orifice  placed  between  the  faces  of  the  union  J5,  Pig. 10. 
This  orifice  consisted  of  a round  hole  in  a 1/33"  brass  plate. 
The  diameter  of  the  orifice  was  calculated  by  Napier’s  formula 

0 

w = -a.P-2 

42  V 2 P£ 


In  which 


¥ = weight  of  steam  flowing  per  second 
p absolute  pressure  in  exhaust 
p - absolute  pressure  before  orifice 
a — area  of  orifice  in  square  inches. 


The  orifice  was  calculated  for  p0  equal  to  atmospheric- 
pressure.  ¥ was  taken  at  150  lbs.  per  hour,  ’which  is  about 


F~  I G 10. 
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75  percent  of  the  capacity  of  the  boiler,  or  the  rate  of  600 
sq.ft,  of  radiation.  The  pressure  p-j  was  taken  at  2 lbs.  gage. 
These  values  gave  an  orifice  0.625  inches  in  diameter.  A prelim- 

ft 

inary  test  was  run  using  this  orifice,  but  as  the  pressure  in  the 
exhaust  was  greater  tlian  atmospheric  pressure,  the  discharge 
was  only  about  130  lbs.  per  liour.  An  orifice  0.672  inches  in 
diameter  was  then  tried#  It  gave  a -discharge  of  about  150  lbs. 
per  hour,  so  was  used  throughout  the  tests. 

Thermomet ers ; - The  temperature  of  the  feed  water  was  taken 
by  two  methods; 

(a)  A mercury  theimometer  was  placed  in  a thermometer 
cup  at  5 Fig. 8. 

(b)  A Bristol  recording  pyrometer  was  used.  The  bulb 
was  placed  in  a thermometer  cup  at  6 Fig.8.  The  recording  mechan- 
ism was  placed  on  the  gage  board  as  shown  at  _?  Fig.8. 

Pressure  Gages;-  The  boiler  steam  pressure  was  taken  by 
two  methods; 

(a)  By  a Bourdon  st earn  gage  made  by  the  Ashcroft 
Mfg.  Co.  placed  on  the  boiler  at  8,  Fig.8. 

(b)  By  a Bristol  recording  pressure  gage.  The  gage  w 
was  placed  on  the  board  as  show,  at  9 Fig.8  and  connected  to  the 
boiler  at  J_0  by  a 1/4"  wrought  iron  pipe. 

The  pressure  in  the  separator  was  taken  by  a mercury 
column  11  Fig.8. 
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Tlie  exh.au.st  pressure  was  taken  "by  a mercury  MU"  tube, 

1 2 Fig.8,  calibrated  in  inch.es. 

A Crosby  Bourbon  gage,J_  Pig. 8, was  used  to  determine 
the  air  pressure. 

Calorimeter;-  A seijarating  calorimeter  shown  at  13  Pig. 8 
was  used,  in  connection  with  the  condensing  can  .14  Pig. 8,  rest- 
ing on  scales. 

Draft  Gages;-  The  drafts  were  taken  by  two  differential 
draft  gages,  JJ5  and  JL6  Fig. 8,  using  kerosene  as  the  liquid. 

Gage  _15  is  for  the  flue  draft  and  is  connected  to  the  flue  at 
the  rear  end  of  hood  JL_?  Pig. 8.  Gage  _16  measures  the  draft  over 
the  fire,  tube  .18  being  inserted  in  hole  V9  for  each  reading. 

Sc  ales;-  ihe  scales  used  for  weighing  the  coal  were 
ordinary  platform  scales  reading  to  tenths  of  pounds. 

The  scales  used  for  weighing  the  condensed  steam 
from  the  calorimeter  were  small  platform  scales  reading  in 
ounces. 

.Sample  Cans;-  Three  covered  galvanised  iron  cans  were  used 
to  nold  the  samples  of  coal,  ash,  and  refuse. 

Calibration  of  Apparatus; - 

The  correctness  of  the  mercury  thermometer  was 
established  by  means  of  a hypsometer. 

The  pressure  gage  for  the  boiler  was  compared  with  a 
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mercury  column  and  a calibration  curve  was  drawn  for  correcting 

'TV  ( r 1 1 

tlie  readings  taken  in  tlie  tests. 

The  Bristol  recording  pressure  gage  was  tested  by 
means  of  a Crosby  gage  tester  and  found  to  be  correct. 

Tlie  correctness  of  the  scales  was  established  by  the 
use  of  standard  test  weights. 

The  boiler  was  calibrated  in  tlie  following  manner:-  It 
was  filled  with  water  at  ?5  degrees  F.  until  the  level  in  the 
glass  was  6-1/2  inches.  Amounts  of  ten  pounds  were  drawn  off 
through  the  blow-off  cock  until  the  water  in  the  glass  was  very 
near  the  zero  mark  on  the  scale.  The  water  level  was  read  for 
each  10  lb.  decrement.  Chart  1 was  drawn  from  these  values  to 
show  the  correction  in  pounds  for  various  differences  in  water 
level.  The  remaining  water  was  drawn  off  and  weighed.  The 
weight  of  water  in  tlie  boiler  at  3-1/4"  glass  was  then  deter- 
mined. This  weight  divided  by  the  weight  per  cubic  foot  of  wate 
at  75  degrees  F.  gave  the  cubic  feet  of  water  space  below  the 
3-1/4”  mark.  This  value  was  found  to  be  4,31  cu.ft. 

Each  of  the  feed  tanks  was  calibrated  in  the  following 
manner:-  The  tank  was  filled  with  water  at  75  degrees  F®  to 
within  1/2”  of  the  top  of  the  gage  glass.  A mark  was  placed  on 
the  scale  level  with  the  water  in  the  glass.  Quantities  of  one 
pound  each  were  drawn  from  the  tank  and  marks  were  made  on  the 


0 OS  1.0  IS  Z.0  25  3.0  35  +. 0 45  5.0  6.5  6.0  6.5 

Inches  of  Water  in  Glass 


CHART-  1 
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scale  for  corresponding  water  levels  until  the  water  was  within 
about  1/2"  of  the  bottom  of  the  glass*  The  remaining  water  was 
drawn  out  and  weighed*  Then  the  total  weight  in  the  tanks  was 
determined  and  marked  on  the  scale  at  intervals  of  five  pounds. 
Since  these  readings  are  for  a temperature  of  ?5  degrees,  a cor- 
rection must  be  made  for  th  higher  temperatures  at  vhich  the 
water  is  fed  to  the  boiler.  Prom  the  ratio  of  specific  weights 
at  different  temperatures,  the  corrected  readings  were  deter- 
mined. These  corrections  appear  in  Tables_JLand  2, 

Manner  of  Conducting  Test s: - 

Method  of  Starting  and  St  opping;  The  standard  method  of 
starting  and  stoicping  tests  was  used.  At  the  start,  steam  was 
raised  to  the  working  pressure,  exhaust  valve  8 Fig.  10  was 
closed  to  prevent  the  pressure  from  dropping.  All  the  fire 
was  rapidly  removed  from  the  grates,  the  ash  pit  was  cleaned, 
and  a weighed  quantity  of  wood  and  coal  was  placed  in  the  furnace 
as  quickly  as  possible.  The  exhaust  valve  was  opened  and  the 
wood,  was  ignited.  At  tlii s instant  the  time  and  all  the  read- 
ings were  taken. 

About  a half  hour  before  the  close  of  the  test,  the 
fire  was  cleaned.  Ten  minutes  before  the  end,  the  ash  was 
cleaned  from  the  pit  and  weighed.  Ihen  the  coal  which  remained 
on  the  grates  after  cleaning  had  burned  very  low,  tlie  test  was 
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Feed  Water  Correction  Tables 

ro  r 

House  Keating  Boilers 


Weight 

Temperature 

OF 

peed  . water. 

as  Read. 

120° 

125° 

130° 

135° 

140* 

145° 

150° 

155° 

160° 

1 

TO 

1.0 

1.0 

1.0 

1.0 

1.0 

10 

1.0 

1.0 

£ 

2.0 

£.0 

2.0 

£.0 

£.0 

2.0 

£.0 

£.0 

£.0 

3 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

2.9 

£.9 

£.9 

4 

4.0 

4.0 

4.0 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

5 

5.0 

5.0 

4.9 

4.9 

4.9 

4.9 

4.9 

49 

4.9 

6 

5.9 

5.9 

5.9 

5.9 

5.9 

5.9 

5.9 

5.9 

5.9 

7 

6.9 

6.9 

6.9 

6.9 

6.9 

6.9 

6.9 

6.9 

6.9 

8 

7.9 

7.9 

79 

79 

79 

7.9 

7.9 

7.8 

78 

9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.8 

8.8 

8.8 

10 

9.9 

9.9 

9.9 

9.9 

9.9 

9.8 

9.8 

9.8 

9.8 

20 

19.8 

19.8 

19.8 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

30 

29.7 

£9.7 

29.7 

£9.6 

£9.6 

£9.5 

£9.5 

£9.4 

29.4 

40 

39.7 

'39.6 

39.6 

39.5 

39.4 

39.4 

39.3 

39.2 

39.2 

50 

49.6 

49.5 

49.4 

49.3 

49.3 

49.2 

49.1 

49.0 

49.0 

60 

59.5 

59.4 

59.3 

59.2 

59.1 

59.0 

58.9 

58.8 

58.7 

70 

69.4 

69.3 

69.2 

69.1 

69.0 

68.9 

68.8 

68.7 

68.5 

80 

79.3 

79.£ 

79.1 

79.0 

78.8 

78.7 

78.6 

78.5 

78.3 

90 

89.2 

89.1 

89.0 

88.8 

88.7 

88.6 

88.4 

88.3 

88.1 

100 

99.1 

99.0 

98.8 

98.7 

98.5 

98.4 

98.2 

98.1 

97.9 

£00 

198.3 

198.0 

197.7 

197.4 

197.1 

196.8 

196.5 

196.1 

195.8 

300 

2974 

£97.0 

2965 

296.1 

£95.6 

295.2 

£94.7 

£942 

293.7 

400 

396.6 

396.0 

395.4 

394.8 

394.2 

393.6 

392.9 

392.3 

391.7 

500 

. 495.7 

495.0 

494.3 

493.5 

492.7 

492.0 

491.2 

490.4 

489.6 

600 

594.8 

594.0 

593.2 

592.2 

591.2 

590.4 

589.4 

588.4 

587.5 

700 

694.0 

693.0 

692.0 

690.9 

689.8 

688.8 

687.6 

686.5 

685.4 

r 800 

793.1 

792.0 

790.9 

789.6 

788.3 

787.2 

785.9 

784.6 

783.3 

900 

892.2 

891.1 

889.8 

888.3 

886.8 

885.6 

884.1 

882.7 

881.2 

1000 

991.3 

990.1 

988.6 

987.0 

985.4 

984.0 

982.3 

980.7 

979.1 

2000 

19827 

1980.2 

1977.3 

1974.0 

1970.8 

1967.9 

1964.7 

1961.5 

1958.3 

3000 

2974.0 

2970.3 

£965.9 

£961.0 

2956.1 

£951.9 

£947.0 

£942.2 

2937.4 

Temps. 

1 £0° 

125* 

130° 

135° 

140* 

14  5° 

150° 

155* 

160° 

Scal.ES  OIN*  Ta.K|K.S  READ  CORRECT  AT  75°  F. 

Table  I. 
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Feed  Water  Correction  Tables 

FOR 

House  Hem"ing  Boilers. 


Weight 

Temperature  of  Feed 

Water. 

as  Read. 

165° 

170° 

175° 

160° 

185° 

190° 

195° 

ZO O” 

1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2 

ZD 

2.0 

1.9 

1.9 

1.9 

1.9 

1$ 

1.9 

3 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

4 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

5 

4.9 

4.9 

4.9 

4.9 

4.9 

4.8 

4.8 

4.8 

6 

5.9 

5.9 

5.9 

5.8 

5.8 

5.8 

5.8 

5.8 

7 

6.8 

68 

6.8 

6.8 

6.8 

6.8 

6.8 

6.8 

8 

7.8 

7.8 

78 

7.8 

7.8 

7.7 

7.7 

7.7 

9 

8.8 

8.8 

8.8 

8.7 

8.7 

8.7 

8.7 

8.7 

10 

9.8 

9.8 

9.7 

9.7 

9.7 

9.7 

9.7 

9.6 

zo 

19.5 

19.5 

19.5 

19.4 

19.4 

19.4 

19.3 

19.3 

30 

29.3 

29,3 

29.2 

29.2 

29.1 

29.1 

29.0 

28.9 

40 

39.1 

39.0 

39.0 

38.9 

38.8 

38.7 

38.7 

38.6 

50 

48.9 

48.8 

48.7 

48.6 

48.5 

48.4 

483 

48.2 

60 

58.6 

58.5 

58.4 

58.3 

58.2 

58.1 

58.0 

57.9 

70 

68.4 

68.3 

68.2 

68.1 

67.9 

67.8 

67.7 

67.5 

80 

78.2 

78.1 

77.9 

77.8 

77.6 

77.5 

77.3 

77.2 

90 

88.0 

87.8 

87.7 

87.5 

87.3 

87.2 

87.0 

86.8 

10  0 

977 

97.6 

97.4 

972 

97.0 

96.9 

96.7 

96.5 

zoo 

195 .5 

195,2 

194.8 

194.4 

194.1 

193.7 

193.3 

192.9 

300 

293.2 

292.7 

292.2 

2917 

291.1 

290.6 

290.0 

289.4 

400 

390.9 

390.3 

389.6 

388.9 

388.2 

387.4 

386.6 

385.8 

50.0 

488.7 

487.9 

487.0 

486.1 

485.2 

484.3 

483.3 

482.3 

600 

586.41 

585.51 

584.4 

5833 

5823 

581.2 

580,0 

578.7 

700 

684.2 

683.0 

681.8 

680.6 

679.3 

678.0 

676.6 

675.2 

800 

781.9 

780.6 

779.2 

777.8 

776.4 

774.8 

773.3 

771.6 

900 

879.6 

878.2 

876.6 

875.0 

873.4 

871.7 

869.9 

868.1 

1000 

977.4 

975.8 

974  0 

972.Z 

970.5 

968.5 

966.6 

964.5 

2000 

1954.7 

1951.5 

1948.0 

19444 

1940.9 

1937.1 

1933.2 

1929.0 

3000 

2932.1 

2927.3 

2922.0 

2916.7 

29 1 14 

2905.6 

2899.8 

2893.5 

Temps. 

165° 

170° 

17  5* 

180° 

185° 

190° 

195° 

200° 

Scales  om  Tanks  read  correct  at  7 5° 
Table  2U 


stopped  in  the  following  manner;-  All  readings  were  taken  and 
the  tine  was  re c orded.  Immediately  all  the  fire  was  shaken  from 
the  grates,  placed  in  a tight  galvanised  iron  can,  and  weighed. 
This  partially  burned  coal  was  designated  as  refuse. 

Method  of  Firing:-  After  the  fire  was  nicely  started  the 
coal  was  fired  in  fifty-pound  quantities,  except  in  the  tests 
on  anthracite,  in  which  about  100  lbs.  was  fired  at  a tine. 

The  boiler  pressure  was  kept  nearly  constant  by  the 
automatic  draft  regulator.  'When  the  coal  had  burned  so  low 
that  the  pressure  began  to  fall  with  the  draft  open,  a new 
amount  of  coal  was  fired. 

Sampling  Coal  and  Ash:-  Each  time  coal  was  delivered  to  the 
scales  a sample  of  three  or  four  pounds  was  taken  and  placed  in 
a tight  galvanized  iron  can. 

The  coal  sample,  total  ash,  and  total  refuse  were 
ground  and  a sample  of  each  was  taken  by  the  "quartering”  method. 
These  samples  were  sent  to  the  Chemistry  Department  for  analy- 
sis. > 

Measurement  of  W at er : - 

The  weiglit  of  feed  water  was  determined  by  reading 
the  weiglit  in  the  feed  tanks  and  correcting  for  temperature  as 
read  from,  the  mercury  thermometer. 

FeedWater  Temperature;-  The  recording  thermometer  was  used 


25 


as  a check  on  the  me r cur/  thermometer.  The  mercury  thermometer 
readings  were  used  in  the  computations. 

Pressures*-  The  automatic  draft  regulator  was  adjusted 
to  maintain  a pressure  of  about  five  pounds  per  square  inch. 

The  pressure  in  the  separator  is  maintained  at  two  pounds  by 
adjusting  the  reducing  valve.  The  boiler  pressure  used  in  cal- 
culations was  the  corrected  pressure  from  the  Bourbon  gage  on 
the  boiler. 

Quality  of  St e ram:-  The  quality  of  steam  was  taken  contin- 
uously,, except  when  changing  the  water  in  the  condenser  can. 

The  amount  of  dry  steam  from  the  calorimeter  was  determined  by 
the  increase  in  weight  in  the  condenser  can.  The  amount  of 
moisture  was  read  from  the  scale  on  the  calorimeter. 

-Analysis  of  Coal,  Ash,  and  Refuse: - The  coal,  ash,  and 
refust  were  analysed  by  the  Chemistry  Department  of  the  Uni- 
versity of  Illinois. 

Duration  of  Tests  and  Time  of  Readings:-  Each  test  lasted 
about' eight  hours.  The  time  of  stopping  was  governed  by  the 
condition  of  the  fire,  which  was  allowed  to  burn  low  toward  the 
end  of  the  test.  Every  ten  minutes  the  following  readings  were 
taken:  - 

Boiler  Pressure, 

Separator  Pressure, 

Exhaust  Pressure, 
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Flue  Draft, 

Fire-box  Draft, 

Feed  Water  Temperature, 

Weight  of  Feed  Water, 

The  -water  level  in  the  boiler  and  the  temperature  of 
the  laboratory  were  read  every  hour. 

The  weight  of  the  coal  was  recorded  when  fired. 

Log  Sheets: - 

The  following  tables  contain  the  corrected  data 
for  the  various  tests. 
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TESTS 

v.  . 


■ 

— — ... . 


OF  DIFFERENT  COALS  IN  A RfcSIQENqE 
HEATING-  BOILER  (steam]  , ^ 


TEST  Mo—/ 

DATE—  /=>/=?/ L 2,  O? 


Los 


Sheet 

K ! NO  OF  COAL 


H e * N 


PRESSURES 

TEMP  or 

WEIGHT 

WEIGHT 

No 

TIME 

STEAM 

DRAFT 

FEED 

FEED 

or 

SOI  LER 

SEPARATOR 

exhaust 

FLUE 

FI  RE-BOX 

WATER 

WATER 

COAL 

/ 

9:20 

32  ^ 

/ 76' 

.O6'0 

.OC*  O 

J3YO 

O 

JLO  _ 

z 

.30 

9J 

2.oo 

.06' 0 

,06~0 

J7Z.O 

O 

h 6.0 

J 

.yo 

/0.0 

/.36~ 

. 06~0 

06-6' 

/6/.  O 

O 

_ //0 

y 

so 

89 

/90 

.060 

.070 

/ 2/.  0 

L y,  o 

^ 'Z.o  _ 

/0:0o 

93 

2°2 

.oso 

.06  0 

//y.o 

Lj'&Z  J 

L JO.O 

6 

JO 

9.S 

/93' 

. 06  ' O 

.060 

J070 

0 

7 

20 

78 

/86' 

. 06  J" 

. 066 ~ 

///.O 

27.7 

0 

8 

:30 

9 Y 

2.03 

.O6'0 

.0(60 

/09.0 

2 6.2 

23.0  . 

9 

■yo 

9.0 

2.00 

.066" 

. 06  6~ 

//JO 

SS.O 

_ /Z.o 

/o 

-JO 

9/ 

/.QS 

. 06  0 

.060 

J/o.o  . 

SZJ 

O 

// 

woo 

/ zy 

/ 90 

■ OSO 

.OOO 

/ss:o 

^ 22 J 

O 

/z 

'JO 

v.o 

2.00 

.060 

.070 

/G3.0 

O 

/J 

• 20 

98 

/.  92 

. 06'6~ 

06  S 

/ 63.0 

0 

/SO 

/V 

■30 

/ OJ 

200 

.073' 

.oas 

16  9 0 

3Y6 

0 

IS 

:yo 

/ 0.0 

200 

.090 

JOO 

/7/.0 

ZQ.Z 

0 

/6 

■so 

/OJ 

/ 96- 

. 066" 

.030 

/S7.0 

//.8 

Zoo 

/ 7 

/2-00 

9.6 

2.00 

.060 

.030 

/ 68.0 

3S.6 

0 

/ 8 

JO 

/2.9 

2.07 

.//  0 

./zo 

/68.O 

S3.  2 

L 0. 

/9 

:20 

3.6 

2.00 

.066' 

.O80 

/e/.s 

87.S 

20.0 

20 

.30 

/OJ 

/90 

.070 

090 

/73.o 

' yoo 

O 

2/ 

■ VO 

//O 

/.9o 

.06  6" 

.070 

/630 

0 

22 

\S0 

/0.9 

/90 

■ OSO 

.066' 

/SSO 

O 

23 

r.oo 

a./ 

/.  97 

.060 

.07S 

/SO.  O 

h ^ 

0 

2Y  , 

JO 

7.S 

/.QS 

_ OSO 

.006' 

/Y9.0 

27  " 

0 

2S  1 

:20 

/YO 

2os 

.06  0 

.066' 

/22  0 

SS 

0 

26 

:30 

//a 

2.  OS' 

.060 

.OQS 

/6Z.O 

y/2 

0 

27 

:yo 

S3 

/.as 

. 08  0 

■ 090 

/GO.  O 

YA  7 

0 

23 

'SO 

a.a 

190 

.06'0 

.O6S 

/ 67.0 

zo.o 

0 

Z9 

2:00 

9.0 

192 

.o9o 

JOO 

/ 62.0 

0 

0 

r J 0 

JO 

/a-9 

2 06- 

.080 

^ JOO 

/67  0 

'38.6 

0 

J/ 

■20 

/ Y.9 

200 

.08S 

/ 00 

/630 

l 3Y.Z  _ 

f 

. 0 

32 

:jo 

/0. 7 

2.06' 

.O  76“ 

.096' 

/620 

/6.2 

3/.o 

33 

-.yo 

9.7 

2.03 

.030 

.096' 

/67.0 

ys.o 

O 

3V 

■SO 

/2J 

/.QS 

JOO 

/JO 

/6Z.O 

v&.s 

O 

JS 

3:00 

93 

/.9S 

.096' 

./AT 

/ys-.o 

s.  y 

O 

3S 

JO  , 

9.2 

2 Oo 

.090 

J/o 

/ ZS.O 

/ 0 

. O 

37 

.20 

/2J 

2.QO 

.086" 

JOO 

JL9.o 

S.9 

O 

38 

30 

6.7 

2.00 

.no 

JOO 

'7/0  _ 

S2.Q 

20.0 

y?9 

yo 

/2J 

/.97 

J/o 

JOO 

/S2.0 

O 

_ 0 

yo 

so 

y.6 

2.00 

v JZO 

.090 

/ S9.o 

/72 

O 

y / 

V:oo 

8.0 

Z.00 

J/S 

■030 

/ 63.0 

22.0 

0 

yz 

JO 

//.2 

/.9 

./  OS 

.080 

/ 62  0 

36.7 

0 

yj 

■20 

8.7 

/Q6~ 

.070 

_s>Qo 

/sz.o 

//.3 

0 

yy 

30 

/0.6 

/. 96 ' 

.090 

ISO 

l_  /S3.0 

^292 

23.3' 

rs 

: yo 

9.S 

/QS 

O9o 

JOO 

/ S30 

S9 

0 

V6  J 

so 

/0.0 

/87 

.oas 

JZS 

/ S 6'.  0 

O 

J7.0 

(.  77 

SLOO  J 

9.2 

/.9o 

oas 

J 60 

/SYO 

22.Q 

0 

y& 

JO 

73 

/.83 

■ 080 

JQO 

t /AJ.o 

72>.Z 

0 

V9 

■ 20 

8.0 

/ 8 V 

.07s 

./so 

/ 60.0 

0. 

O 

TOTAL1  - 

/// 3 ./ 

26/  0 

& V E RAOC 

9.6 

/.B-S*- 

. 073 

.OQS 

JSZ.S 

2S 


TESTS  OF  D I FFER.ENT  COALS  IN  A RESIDENCE 
HEATING  BOILER  [steam] 
test  mo.—  %>  Log  sheet 

KIND  or  COAL.  T?  WASHED- 


No 

t * 

TIME 

PRESSURES 

TEMP  OF 

FEED 

WATER 

WEIGHT 

FEED 

WATER 

WEIGHT 

OF 

COAL 

STEAM 

DRAFT 

BOI LER 

SEPARATOR 

EXHAUST 

FLUE 

FIRE-BOX 

/ 

3.20 

U 

2,0 

.07 S 

.7/0 

736.0 

O 

/<ro  \ 

z 

.30 

0.0 

0.08 

. 08  S 

.130 

736.0 

46.9 

1 

3 

‘40 

2/ 

/.70 

.0  90 

.740 

76  3.0 

0.0 

Z/o 

4 

■SO 

39 

/.  93 

. 09 S 

J4S 

/SO.  3 

0.0 

/Y.o 

S 

4:oo 

3.0 

2./S 

.090 

.740 

78V.3 

39  Z 

6 

:/o 

0.3 

ZOo 

.07S 

.US 

760.0 

8.3 

300  . 

V 

.20 

*4/ 

7.93 

.90 

.090 

.740 

766.0 

S.4 

8 

130 

S3 

200  ■ 

.90 

.083 

.730 

/ 78.0 

36.4 

2 

.40 

3.2 

2,00 

A 00 

.o&o 

J2S 

7 7S.O 

SO.  7 

| 

/o 

So 

S3 

2.00 

.90 

.O  90' 

.743 

789  0 

37.6 

I 

// 

S:oo 

0.-3 

‘.Zo 

.30 

.oXS 

.72S 

789.0 

33.4 

30,0 

/z 

:70 

3.3 

2.2Z 

7.00 

080 

JZS 

7 73.3 

73. 6 

I 

/j 

:20 

3,2 

/.  93 

.90 

o&o 

.730 

/a/.  0 

272 

/4 

:J0 

SO 

793 

.90 

O 90 

.73S 

/&2.0 

60.3 

/s 

40 

S.2 

/9S 

90 

o9o 

.740 

J 83.0 

4-8. sr 

/ 6 

SO 

/./ 

.a  0 

.60 

.oas 

JSO 

772.0 

8.8 

SOO 

77 

G.oo 

4 7 

2.02 

7.00 

.086" 

.730 

177.0 

27.  2 

/a 

30 

S3 

/.9S 

7 00 

.O&O 

.720 

773.0 

37.0 

/9 

■ZO 

SO 

/. 97 

7.00 
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O 

44  \ 

SO 

Z.A 

/■  3S 

.4 

102 

, 039 

AA>7.n 

A O.Q 

1 

liif: 

/2:oo 

14- 

A40  1 

.3 

.094 

.040 

A 46.0 

G 2.0 

:/o 

A.G 

A.4S 

.3 

.080 

.040 

14S.  O 

GZ.O 

TOTAL  - 

I 

A AOS.  Z 

200.0 

AVERAGE- 

z.e 

A.  7S 

,jr 

10  7 

O V6 

16S.  6 1 

remarks- 


K 
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TESTS  OF  DIFFERENT  COALS  IN  A RESIDENCE 
■ HEATING  BOILER  (steam) 

TESTNO-©  ; LOS  SHEET 

DATE  — MAYS,  1907 


KINO  or  COAL.-  v//=j 'G/A//4&UICK  BUND' 


PRESS  U REIS 

TEMP  OF 

WEIGHT 

WEIGHT  1 

No 

time: 

STEAM 

DRAFT 

FEED 

FEED 

OF 

BOILER 

SEPARATOR 

EXHAUST 

FLUE 

FI  RE-BOX 

WATER 

WATER 

COAL 

/ 

S2.  -on 

// 

.60 

.30 

.740 

.038 

72  3.0 

O 

2.6.0 

£ 

SO 

3.3 

y.&o 

.6>0 

/So 

724.  O 

3.9 

3 

■ 20 

.7.  <3 

/.as 

.60 

.730 

.060 

7 23.0 

62.4 

340 

J - 

.30 

4-J 

s.as 

3D 

.720 

.0  6 0 

72  3.0 

29.  -7 

S 

:JO 

2.2 

J.  63 

30 

. 7 TO 

.06  2 

723.0 

S3 4 

:so 

4-.  2 

2.00 

.30 

./TO 

.0  70 

7230 

24.  a 

s:oo 

4.3 

s.e>3 

.60 

.730 

.062 

727.0 

7.0 

a 

• SO 

3./ 

J.70 

60 

JSO 

.060 

S78.0 

73.9 

30.0 

3 

:Z0 

3.4 

2./0 

■63 

■ 730 

.060 

2.76-0 

23.7 

SO 

■ 30 

4.  3 

/.ao 

.66' 

.730 

.060 

730. 0 

ss 

.4-0 

3.0 

2 oo 

.36 

.720 

.034- 

736.0 

83.9 

/2 

■SO 

3.6 

zoo 

.63 

J/O 

7360 

726-0 

48.1 

S3 

2:oo 

3.0 

1.90 

.60 

.773' 

OS 4 

737.0 

o 

ss 

JO 

JJ 

1.90 

.6  O 

.770 

034- 

738.0 

o 

SJ~ 

.20 

4.6 

2.00 

63 

.710 

034 

138.0 

o 

/6 

:30 

3.0 

2.00 

63 

.770 

.034 

737.  O 

o 

S7 

'JO 

4.2, 

1.93 

.70 

770 

.034 

728.0 

33.7 

r/s 

So 

477 

2.  no 

. 63 

.170 

.OSR. 

730.0 

i) 

/<? 

3:  oo 

J3 

2.00 

• 63 

.12.0 

.OS& 

76  O.  O 

4-1.  2. 

20 

.so 

4.2 

2.00 

.70 

.110 

■ 03Q 

76  70 

&0.3 

£S ... 

\20 

4.0 

2.00 

.63 

. 770 

.03& 

1SV.O 

l.  o 

'.30 

2.6 

1.83 

.60 

JJO 

. 030 

7/70 

o 

L S0.%0 

23 

Jo 

3/ 

2.DS 

60 

.SOD 

OYV 

7/7.0 

SO.  2. 

2.4 

SO 

6.1 

ZSO 

.6  0 

J20 

.0/8 

7430 

43.4 

23 

4:oo 

3.4 

2.13 

.70 

44-0 

.OY6 

743.0 

O 

26 

jo 

4.2 

7.00 

7*0 

JSO 

.0  42 

143.0 

O 

27 

•20 

4-.  6 

1. 93 

. 63 

.7*70 

.048 

766.0 

37.  3 

2R 

‘.30 

4.3 

2. 70 

.63 

./30 

ova 

1 73. 0 

36.  / 

JO 

4.8 

2/0 

.73 

.740 

.o/a 

173,0 

36.3 

no 

.30 

46 

2.00 

&S 

.740 

.0/8 

/6&0 

3 7J 

3/ 

3:00 

.9.3 

7.90 

6 O 

.740 

.044 

7 67.0 

78.3 

32 

JO 

46 

200 

.68 

.73  0 

. 044 

/ 60.  O 

IS. 7 

.13 

: 20 

4.7 

2.00 

.60 

./to 

. 030 

S48.0 

3 9 

33- 

:3o 

2.6 

793 

S3 

.770 

O V8 

772.0 

1 6-6 

SO.O 

33 

JO 

/ 8 

730 

43 

■730 

.0  40 

776.  0 

33 J 

36 

■s~o 

2.3 

7.00 

S3 

.730 

.030 

7 74.0 

24. 4 

37 

<s:oo 

39 

200 

.63' 

J20 

. 040 

7 74.0 

2 y.  4 

3Q 

JO 

4.4 

2.00 

.70 

.720 

.032 

768.0 

77.3 

39 

. \2o 

4.9 

2.00 

.6  3 

730 

034 

/6G>-  0 

IS.  6> 

JO 

‘.30 

4.3 

2.03 

.70 

730 

.040 

7 70.0 

283 

-3/ 

JO 

3.9 

7.93 

.63' 

730 

.034- 

776.0 

30.2 

.30 

rtJ 

7.90 

,6>3 

730 

03Z. 

7640 

23. 4- 

±3 

7.00 

3.8 

2.00 

.63 

740 

034 

730. 0 

23.  6 

JO 

4.1 

2.00 

60 

.740 

OJ2 

/ 64.0 

4.0 

ts 

:2o 

2 8 

7.80 

■ 7TO 

.740 

.£>02 

S730 

3*7.4 

76 

isto 

2.3 

7.R3 

..20 

.7  t/J 

. £>0  2. 

770.0 

//.  3 

. 

TOTAL  - 

7172.6 

200.0 

AVERAGE- 

.4,0 

7.92 

■4/  __ 

J30 

.OS~/ 

S3  2.  o 

I 


REMARKS- 
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TESTS  OF  DIFFERENT  COALS  IN  A RESIDENCE 
HEATING  BOILER  (steam] 
test  mo.— 7 Loq  Sheet 


kind  or  COA.  -fl  MTH  F*ncn~  El 
DATE—  MHY  9,  /5Q7  


No 

TIME 

PRESSURES 

TEMP  OF 

FEED 

WATER 

WEIGHT 

FEED 

WATER 

WEIGHT 

or 

CO  AL 

STEAM 

DRAFT 

BOI LER 

SEPARATOR 

EXHAUST 

FLUE 

FIRE-BOX 

/ 

/.\30 

.6  O 

.2 S’  1 

.30 

W90 

.090 

/S7.  O 

O 

so.o 

2 

'-4o 

/.  fit) 

.73' 

.4o 

2ot 

.098 

/ 30.  O 

6>7.  / 

3 

u so 

■ SO 

.2  S' 

30 

770 

.088 

/34.0 

o 

4 

2:00 

so 

ZS 

.30 

./SO 

.090 

/ 32.0 

o 

SCL 

S 

/o 

J.OO 

.&0 

.30 

./ 6 O 

./OS 

/3n.O 

o 

,so.  o 

6 

20 

S.so 

z./s 

. 70 

.240 

W/8 

/3/.S 

//.9 

7 

30 

6./o 

2.ZO 

.BO 

.2 /S' 

70T 

/3/.0 

349 

S 

40 

s.eo 

2.20 

.70 

V90 

.090' 

/34.S 

28.S 

SO 

s.so 

2./0 

.80 

WRO 

.093 

/33.S 

73.7 

/O 

S'OO 

0.2.0 

2.  OS' 

.80 

J70 

.O&S 

/ 32.  0 

2 v.  8 

// 

/o 

4.90 

2.  OS 

/ 00 

W60 

WO/ 

/6/0 

2S.S 

/£ 

ZO 

4.90 

2.00 

.90 

W70 

.033 

/ 6 3-0 

28.3 

/3 

so 

4.70 

2.00 

.60 

./ 6 S' 

• 083 

/6  3.S 

29.3 

74 

40 

4.&0 

2.00 

.60 

J70 

,0  8f 

/ 62.0 

2 7.4 

/S 

so 

4.8o 

2.00 

<60 

W70 

.083 

/ 60. 6 

29.  V 

/ 6 

4:00 

4.  SO 

2.  fit) 

.70 

J7f 

.006~ 

/S9.0 

2.6.6” 

77 

/o 

4 70 

2.00 

.60 

J70 

.oa& 

/ S6.S 

Z6.  S' 

/<9 

zo 

s.oo 

2.  OS 

70 

WOO 

.083 

/70.  0 

79.6- 

/3 

30 

490 

Z.00 

.0,0 

W70 

.0  3 3 

/6&S 

244 

40 

4.9o 

2.00 

.70 

W60 

.033 

/A  60 

27  4 

SO 

S.oo 

2.  OS 

.70 

wao 

.03-3 

/A6.0 

7/).  S 

s:oo 

sot 

2.  OS 

. So 

J70 

.033 

766. 0 

78.75 

I/O 

4.90 

z.oo 

.70 

W70 

.0  80" 

/660 

33.2 

24 

•20 

S.OO 

2.  OO 

.TO 

W so 

.OQS 

766  O 

26.3 

2S 

:3P 

4 90 

2.00 

70 

V6S 

.036- 

/sa.s 

2 O.  2 

26 

.40 

4.  So 

2.00 

.70 

W70 

.005' 

7.30.0 

/y.  a 

27 

:So 

4.30 

2.00 

.70 

W6  O 

.060" 

/49.0 

32.0 

26 

6.00 

3.90 

2.00 

■70 

wfo 

.03  3 

/ 87.0 

23.  3 

_^L_ 

/o 

J.OO 

.70 

.30 

. 2 OO 

.O&cT 

/8S0 

3 J.  / 

ys.o 

T<? 

z o 

A.ZO 

2./S 

70 

2 oo 

./0  75 

/ 82.0 

27.2 

•30 

4.20 

2- OS 

.70 

Wao 

. 096~ 

77  8.0 

20.4 

SZ. 

40 

4.  SO 

2.  OS 

TO 

J60 

. OSS 

/760 

27  4 

S13 .., 

So 

4W0 

200 

■ 70 

./ 6 0 

. 030 

/ 7 SO 

20.S 

7:oo 

4.  SO 

2WO 

.70 

./6  0 

.0  84 

/ 7 3.0 

73.3 

_^iL. 

wo 

4.60 

2.00 

.60 

./SO 

.082 

77/0 

33.  Z 

v7<5 

\Zo 

4.30 

2.00 

.60 

■/SO 

.080 

77V.O 

26.3 

JLZ. 

.30 

S.ao 

2.  OS 

.60 

. /SO 

.080 

/ 77.S 

2/.  2 

j:a 

_..WfP 

4.  80 

2 OO 

■ 70 

./so 

.080 

7 77.S 

Jf-8 

so 

430 

2.0S 

■ 60 

WWO 

.0  73 

/7S.D 

32.n 

— 

?£> 

8.00 

4.70 

2.  OS 

.60 

./so 

.0  80 

y/yo 

23.3 

’WP 

4.60 

2.  OS 

■ 60 

./so 

. 080 

/7  2 7) 

3/.  / 

j£2__ 

'.Zo 

4.60 

2.  OS 

. 60 

./SO 

.080 

/70 . 0 

27.  2. 

\3o 

4.SO 

/.  9S 

.60 

./so 

.0  30 

/ROW 

20.4 

\4o 

460 

2.  OS 

.60 

./So 

030 

779.7) 

30.2 

,_&f_ 

WSP  ... 

SPP 

/■9S 

^60 

./so 

.0  80 

777/4 

32./ 

^6 

9'.oo 

4.70 

79  o 

.60 

wso 

.OQZ 

776:7) 

27.  2. 

•4-7 

wo 

\_S-SO 

/.as 

.60 

V6  0 

.08  2. 

/ 73.  O 

2o-.4 

4a 

■20 

SQO 

/.&S 

.60 

/&o 

.08  76 

777.0 

28.3 

49 

\3o 

2/0 

/ 7S 

SO 

W60 

.03 

760.  O 

/ 6.6 

TOT  A L.  - 

/ 7/0.6 7 

ZZS.0 

AVERAGE- 

4.JJ 

/ Bt3 

•6o 

770 

.086 

/6ST& 

remarks- 

' 
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TESTS  OF  DIFFERENT  COALS  IN  A RESIDENCE 
HEATING  BOILER  (steam] 
test  no  - q Log  Sheet 

kino  of  coal-  8NTHR8CITE 


Date-  MRY  /O,  /9Q7. 


PRESSURES 

TEMP  OF 

WEIGHT 

WEIGHT 

No 

TIME 

STEAM 

DRAFT 

FEED 

FEED 

OF 

801 LER 

CO 

3 

I 

! H 

exhaust 

FLUE 

FI  RE-BOX 

WATER 

WATER 

COAL 

/ 

-./JJ3L6  _ 

77 

.so 

- 3<=> 

.20 

708 

/A~& 

O 

_JO  0.0 

A- 

.-1.3. 

3 . 9SZ 

■ OO 

.22 

.//  Z 

/ 6 / 

/7  7 

ZJ 

:so 

6.7 

z.zo 

.80 

.20 

./04- 

/6  2 

20.7 

1 

2:  Go 

s.s 

\-Z./0.  — 

.6  O 

39 

300 

76/ 

30.4- 

S 

Zjro 

s.z. 

3.  70 

,70 

.7  7 

.0  90 

/60 

Z V.J- 

<3 

'20 

1/ 

z.  zo 

70 

/6 

.081 

/S& 

77.  V 

V 

: 3o 

77 

2.00 

.70 

.76 

.088 

/s& 

71.S 

3 

’dLQ 

—VS 

2.  30 

70 

37 

.090 

/ S 6 

2&3 

3 



3.S 

2.00 

.6  0 

36 

.092 

/S2. 

7S6 

/O 

3:oo 

v.s 

2.  Oo 

70 

37 

.09Z 

/6S 

29.S 

// 

\1Q_ 

v.y 

/■  9S 

■73 

36 

. O 8.S 

/64 

2S.1 

ft  K ' 

/Z 

i.£g_. 

73 

2.00 

So 

37 

.090 

36/ 

26.  S 

/3 

■30 

jZSL 

2. CO 

70 

37 

noa 

l.  360 

74.S 

— d 

71 

:4o 

yy 

200 

.80 

37 

. 090 

/ S, 8 

24. 1 

— 

/S 

.SO 

y.y 

2.00 

.70 

3 9 

Joo 

/OS 

7SJ- 

33 

4.00 

\y.s 

2.00 

-.70  . _ 

3 7 

092. 

/S3 

2V.S 

J7 

30 

__xy__ 

2-00 

.70 

.23 

3/0 

/SZ 

7S.6 

* 

/a 

'320 

z.6 

780 

6o 

.2.3 

. /o  o 

/6  O 

22.6 

32  O '.  O 

/9 

:3o 

o 

0.00 

Jo 

. 2 / 

/ZO 

/6S 

383 

MO 

2-  oo 

.60 

28 

340 

/6  3 

3S.Z 

-jg/.- 

• s 3 C2 

6-S 

2./S 

.70 

2 Z 

328 

/S'/ 

o 

zz 

S'.OO 

6-S 

z.oo 

.70 

■2/ 

3/  O 

/37 

3.9 

23 

\/o 

S6 

/.  as- 

.70 

2/ 

./OS' 

/S/ 

//.8 

21- 

.20 

7/  _j 

/.os 

.70 

. 2 or 

330 

/S4 

7.6.S 

zs 

...‘30  . 

. 7J 

2 .20 

.80 

2 y 

320 

/S/ 

76.3 

26 

• 

1.6 

J.9S 

.60" 

2S 

33S~ 

/A~/ 

27.  S 

Z7 

'.SO 

1.9 

2.oo 

70 

.23 

330 

/60 

23A 

ze 

loo 

la 

2.  OO 

.73~ 

36 

DG7 

/ 6 3 

7.6.3 

• /O 

38 

2.oo 

_ .60 

20 

300 

36/ 

26.S 

30 

20 

,...17 

2.  oo 

.6  o 

.27 

703 

/6  0 

7 V.  A” 

3/ 

■30 

1& 

2.00 

.70 

39 

.0  90 

/6/ 

40. Z 

3Z 

\lo 

1.7  , 

2.00 

.70 

39 

/OO 

/ S8 

3S1 

33 

• SO 

17 

2.oo 

.73? 

• 19 

330 

/SV 

26.  S 

31 

7:oo 

1.7 

2.00 

.70~ 

.20 

300 

76  7 

79  .3 

3S 

3/0 

1.7 

2 oo 

70 

./9 

,30  0 

J6  6 

2 7.3 

36 

:zo 

1.8 

2.oo 

.70 

./& 

./ 0 o 

/6  3 

2 7.3 

137  _ 

.30 

73 

ZOO—. 

-6  o 

39 

. 09A~ 

/6Z 

23.  A 

3a 

■ 1o 

-.  1.7 

ZOO 

.60- 

- 39 

.09  A' 

LbO 

27.S 

— j-.  — 

133 

• So 

1 7 

2.30 

^ 70  ^ 

23 

3/0 

/SQ 

/VJ 

13 

&.<yo 

v 1-7 

230 

.70 

.20 

320 

/S6 

2S.S 

U 

Jo 

31-Z 

Z-OO 

•70 

37 

.090 

JA~2 

>/  7 _ 

■ 20 

17 

ZOo 

.70 

la/ 

/7/ 

3/7  3 

L 13  J 

'.3o 

1.7 

Z.oo 

.70 

23 

• UP 

/JO 

27.4 

j4± 

■lo  _ 

St7Z—_ 

200 

.20 

3 * 0 

/6  7 

/9.S 

,.13 

SO 

-4.  7 

203 

.60" 

.27 

32  0 

//>/ 

/I  7 

16 

9 LOO  j 

.41. 

/,es 

70 

39 

. no'?. 

3SZ 

9.  a 

17 

30 

_ ±33 

/.  9S 

.70 

20 

3 0 0' 

/yy 

0/9 

IQ 

■ So 

3 6 

/9o 

.70 

2/7 

. /OS 

/6  7 

3/  3 

19 

3 ?o 

-ZB 

-IIP. 

.10 

.20 

30  S' 

/ 6 7 

32-3 

A 

TOTAL  - 

/ 173.0 

22  sn 

AVERAOt- 

1.3 

-X56-J 

20 

20 

30  ±_ 

ATS.  7 

■ 4 

remarks- 


'**»  ~.1 


* v«  > r *■  ' ' 
rf  ' ‘ s <■«  N .^U  • * *-»  * ■*  j,  ' % 

*♦  %■  •*’  •*  • *••  *•» 

**  # ‘ . 4 


* 


. 

t * * 

• - • ■ . -v  .' 

i-  _ . ■ - » .*■  « 


*S  I 

•V*  ■ 


V*  **' 


' « 


< > 

J 


^ »• 

- > > 

^ •»  , 4 


% :% 


♦ * 


* rt- 


Y-*  • 

J i*  - 


„ * 


( «•*><*<  •.  . * 

: : * v-  ; > • « i j 4 


r 

» '» 


' _> 

m 


r 


•* 

t " * . • V ..  V ■ , ■ / * <r  ■ 

* . t.  ♦ 1 s\  , \ *v'  * I.  *.*..'  J m**  - ‘ 

* . . V k » » -*  * 

' .*  * ,/•  *'•  ./  . ' • * • \ . *> 

, V . 1 • .**  ?•  --V.  *>  ~ ..  TA  . .v1'  ,.*.,.*  •. 

jg|  1 * 1 f <41 

.•  . * ->  v.  * *-  ■ » * ■■  . » •> 


* » -7*  ■ ■ <|  r/1  . • *•»  • * « • ••  * ■'  i*  *«  * a,  j Vi-  " •—  -•••-.  • ••*  •,. 

ftwv  .«  * *»;•.*  * • ; • *••  •»  -*•  * ' 1 . » v*.  . * * i • ' * _ '■"  . , 

- v|  . ’ • .-*<•  • 

' ■ * ■ \ »•'»'  H ■ • . - • “ » 

. R ■ >'*>'» ;;  u ■ . , 

^ .Jt  ^ rfc  -A  ' •-*  ^ i ■ ^ Oh*  V * . i • »(. 


* V / . f ,'  *-  v-  ,; 

..  Vi  ‘ , ;<  , 

11  % / * « ;<*'  ■*  4 

2#  •.  v ■ 


*“•  * V"  -f#  -*r‘  ^ «»,c» 

^ ''i  ’*■  ' «•'«/*  «'•'  * . .»  w*  r 

• » \ u •*  • *,  * * 

t > — ' ♦ 4** 

‘ ' ^ i *’•  4,‘‘‘  " 4v  ^ *'%*•# 

. • n ; ' 

t.  % J..  V.  .A  <•  yi  (#  ...  • j r V*  - • > ^ 

* > • *«*  — t^.ii  ..^<v 


■»*  < 


* * ' •'  “ • \ V .1  A : %'•>*  .;  4BK  ::  .m 

I 

»-*'  •'*<■*  * * N ''4*.  * , -I >"  " * 4*3*1***-^  »• 

* - ,:.v  ’ . „.  . , »r  m,  ^C  '4  • ■' 

4 1 • ».  ■ v »**  , ^ . •!  * . 

■*•*  ■ -4  , * .9  4,  4^  y , tf."  iV.  *■:  *'*  ”*  r , 4 • 

" ^ ^ V % ? r *v  . - . 

iV  -*  — r ;v 

t * , J . iw  ’V  6?K  j*  • t i » w ~f'  , p j*  -•  • %.,k.,.f’.  V 

*•  *;  ,■  • «/■  -S  , \ ^ , .-  • ;*■  ..  * ,„v*  - . , . 

1.-V.:  »■•  » : . »•  • k ..  : i »i.-  w ,•  ^ * * 4*’  '*  . - 


t C. 


V\  'X  9 


* 1 


PM-'iS 


. * . ■ i 


. *i  ' 


«L 

ir>  ‘ » 


" T\  • * * 

■ 1-  -4'  tfr 


'll*" , 


4 ! 

' > *2  ■■  * 

* i • k . £ 

^ • * m * - ' 

' * ft  ,.A 

it,  .*  : .4  »-*"v  ‘ * ’’• 

* v*  * l*i  • 4* 


.»  * • V‘  »I  * • 

i * •*  * .*.•»  » • ■>'-•'-  Vi;,'  •-  • *♦ 

w-  ♦ «»  • . *■  ' . • • 

,.  .f  i .'  A v 


* *.  * f 

, *•  ^ ***'"•  * • 

■'  * 4 vr  ' ^ . 5 «*  » vw*  ' . 

r 1 * jm 

I 

• ■ f -v  -1  4^.'  • . ■ v\r-  V-  * 


; * . •« 


- » 


4 

♦ « 4.  ’***  • • 

■ ' ' • ‘ 4 . * *■  , w 

> ' <*.  - 


<*  * • ’ - 
' ' ' 


$' 


.#  .X' . 


.r  * * ■'  * ' * i 

T-  £ rV 


. -vf . > ■ 


«k 


1 ' ■■ 


*.  V 


• *• 


’•*  «, 


'<•  /W‘.  h ; 

m* 

. ..V  1 


35 


A IM  A L.Y  S 1 a 
or  Ash 

Analys  is 
of  Refuse. 

Wright  of  Wood 
Poun  D s 

id  X 

M 

CO  F- 

co  tr  o 

LJ  < P 

P £ 
O~(0u 

DC  Ol 

Li  < • 

J <0 

0 ffl 

m j 

y f 

CC  o 

3 Z 

(0 

o?  cr 

lu  Q 7> 
a:  Z 
Q_  U x 

a:  if 

u P D- 

-J  < 

° s 

CO  _j 

Weight  of  Water 
in  Boiler  at  Start 

Poo  IN  DS. 

£ „ 

LU  Q 

t ^ 

< LlI 
^ « c/J 

o or  £ 

HA 
r d o 
0 0 Q_ 

y CD 
5?  2 

J 

< 

<$? 

- y K‘ 
u or  z 

o:  a u 

1-  f It 
to  < y 

o z £- 
Z 0 

: h 
> 2 
) OJ 

- u 
: q: 
; l 
}a_ 

/t 

Li 

h K 
< Z 

Z u 

>-  u 

h * 
Z hi 

<0- 

hJ 

id 

* K 
3 Z 
P u 
(0  u 

°5 

.20. 

Z H 

o Z 
CD  LI 

r* 

C ^ LI 

°Q_ 

or 

uJ 

V~  iij 

y U 
r DC 
i-  y 

£Q- 

u 

W F 

a:  5 

h U 
1 u 

5 q: 

O u 

EH- 

U4 

7 OH  3 

.4  3 

43.20 

-56.46 

.3  6 

8 

3.2 

8.1 

302.8 

285.3 

2.5 

75" 

77.64 

.4  1 

36.33 

63.34 

33 

8 

l.l 

2.7 

233.2 

199.5 

5.2 

1.57 

74.99 

.44 

39. 49 

60.  14 

.37 

1 0 

0.5 

4.1 

244.8 

225.3 

5.0 

.65 

IQ  05 

.3  0 

41.37 

58.26 

37 

lo 

4.1 

6.2 

218.5 

263.8 

4.5 

:.7 1 

43.74 

.55 

70.16 

29.4  2- 

.42 

1 0 

3.6 

1.6 

241. 1 

249,6 

2.6 

5.39 

41.14 

.4  7 

80.63 

19.02 

.35 

1 0 

l.l 

2.3 

2/6.7 

2 25.5 

1.0 

3.97 

50.33 

.20 

75.80 

24.00 

.24 

14 

0.6 

2.1 

2/9.3 

252  5 

2.2 

C 1-9 

42.41 

.4  0 

7841 

21.33 

.26 

20 

07 

1.8 

233.8 

193.3 

1 .9 

35 


OB  SERVED  DATA 


Q 

Avg  Draft 
Ins  ofWater, 

Av  ERAGE 
P R ESSU  R E-S 

AvgTenr 
Deg  Fahr. 

5“ 

EJ 

to 

D 

u 

Ei 

T 07 
o | 

lc° 

Ei 

£ 

Proxim  at  e 
Analysis  of  Coal 

Analysi 
of  Ash 

5 

Analysis 
of  Refuse. 

4- 

WH,  DRY 

j 

u 

X 

UJ 

IT 

3 

W 

8 

U Q 

x z 
Lu 

(C 

u F 
2 < 

O 

CD 

z 

Ul 

Kind 

OF 

Coal 

u' 

F 

< 

a 

Duration  of 
Test  - HI  ours. 

C 

El 

< 

-J 

< 

h 

O 

P 

10 

o 

z 

D 

0 

CL 

Total  Coal  Fire 
Pounds. 

ui 

D 

_j 

Ll. 

Z 

ui 

cc 

L 

IT 

U 

> 

O 

_Z 

0 

(T  <0 
uj  oc 
j u 
o Q- 
CD  to 
ID 

or  z 
o — 

F Cf 

cc  (C 
, u 

T 

y 
q : 

|-  D 

V c 

o Li 
<1 
r <o 

X Ul 

w 5 
2 

ct 

Ui 

H 

< 

$ 

Q 

kJ 

LJ 

Ll 

V 

L 

0 

H 

< 

o: 

0 

< 

_j 

< 
u 
F 
(0 
U u 
0 0 
< 0 
Ql  f 

El  J 
> < 
< 3 

O 

F 

DC 

Q 

F 

Z 

Ei 

O 

cc 

Ui 

Q_ 

r 

CO 

< 

lL 

o 

F 

r 

0 

u 

in 

0 

z 

D 

0 

CL 

D 

P 

CD 

d 

z 

3 

0 

CL 

£ 

kJ 

CL 

LU  R 

CC  z 

»£ 
o L 

z 

F 

Z 

I w 

(0  u 

< 1C 
u 
CL 

* F 
0 z 
r u 
E o 

T * 

10  CL 

7 F 
0 z 

0 UJ 

4:  2 

^ Id 

^CL 

o: 

u 

F F 
< 2 
Z ui 

> u 

F C 
L U 

<“- 

EJ 

Ei 

F u 

CO  u 

°£ 

ZCL 

2 F 
0 Z 
0 Ei 

T 

C 1 Ll 

°CL 

o: 

aJ 

< z 

LiJ 

y O 

r 0C 
^ u 

SfQ- 

LJ 

ki  h 

5* 

F u 
» (C 
O u 

el 

0 

0 

0 

T 

*S 

x 0 

UQ_ 

LJ 

£ 

5,1 

10  (T  0 
uj  < *0 

L CO  £ 

1C  F 2 
u < 
j in 

0 (D 
£D  J 

X 

o 

Z 

<j 

J) 

X 

y 

fl- 

irt 

O 

-J 

cc  <r 

EJ  < 

y h 

< If) 

£ F 
> < U) 

u.  0 

0 C z 
F L 5 
X J 0 
CD  0 L 
ui  m 

£ -z 

or  „ 

u 6 
F 2 

^ < n) 
0 IE  | 
F Ll  3 
X J 0 
O 0 Q. 
UJ  CO 

* ? 

< 

T 

s; 

u (C 
(C  Q 

fe! 

o z 
Z 0 

F 

z 

UJ 

u 

X 

ui 

Q_ 

He  rrin 
2.  Wash  e d. 

4-  27 ’0  7. 

8 

1 II  3./ 

2 61 

.073 

088 

9 60 

1 94 

— 

152.5 

— 

974  2 

17./ 

19.5 

1277/ 

326 

6.66 

1.36 

29  14 

7043 

4 3 

43  20 

5 6 p]  £ 

.3  6 

8 

32 

8.1 

30  2 8 

285.3 

25 

2. 

• 1 

4~  1 1 ,-*07 

'13- 

'-3 

1 559.0 

3 75 

.016 

.1 21 

3 86 

172 

/.o 

177.4 

86 

.88/6 

263 

26.65 

12111 

3 26 

6 66 

136 

21,75 

77.84 

4 1 

36  33 

63.34 

.33 

8 

II 

2.7 

233.2 

199.5 

5.2 

3. 

i 1 

4-  12a  '07 

8 

1 234  8 

250 

130 

.135 

570 

194 

.7 

159.2 

78 

.9572 

/ / 

O 

23.4 

IZ11I 

326 

8 66 

1. 36 

24  57 

74.99 

44 

39  49 

60. 14 

.37 

1 0 

0.5 

4.1 

244  8 

225.3 

5.0 

T 

Chicago  at  Herrin 

**Z.  U IN  WASH  ED. 

4-  \3-‘Ol. 

8 

1 2286 

250 

210 

104 

543 

194 

.5 

166.2 

00 

.9695 

13.3 

28.2 

12664 

417 

0 69 

1.79 

2/65 

1 8 05 

30 

4 1 37 

58.26 

37 

1 0 

4.1 

62 

2185 

263.8 

4.5 

5 

Virginia  Black  Band 
4”lumi=  -Semi-Anthracite 

4-  22; '07 

7k 

1 105  2 

200 

ioi 

046 

2.90 

175 

5 

155.6 

85 

.9/29 

) 1 1 

24.2 

13614 

2.05 

654 

.69 

55  71 

43  74 

55 

70.16 

29.42 

.42 

10 

3 6 

1.6 

241.  1 

249.6 

2.6 

6. 

> 1 

5-  8 ,-'07. 

7 k 

1 1 72,6 

200 

.130 

051 

400 

192 

.6 

152.0 

85 

.9829 

02 

19.5 

13158 

233 

5.29 

— 

5839 

41.14 

4 7 

8063 

19  02 

.35 

1 0 

1.1 

2 3 

2.16  7 

2 25.5 

1.8 

7. 

Anthracite 

EGG  SDZT 

5-  9; '07. 

8 

1 2 IOO 

225 

.170 

006 

4.33 

183 

.6 

165.8 

9/ 

.9787 

13  5 

51.6 

12794 

2.18 

10.45 

97 

4 8 97 

50  83 

.20 

75  80 

24  00 

.24 

14 

O.G 

2 1 

2193 

252  5 

2.2 

6. 

5-  10/07 

Q 

1 *73.0 

225 

.ZOO 

/04- 

450 

136 

7 

158  7 

04 

.9  809 

II 

.7 

60.5 

/2794 

2.18 

/ 0.45 

97 

57  19 

42  41 

40 

7841 

2 1 33 

.26 

20 

0 7 

1 8 

233  8 

193.3 

/.e 

A 

£ 

0 

Z 

h 

(0 

Ui 

h 

h 2 ^ 

2 O 

j t H 
< < 

> 

' ° 3 

3 < 0 
e > or 

Id  Id  L 

Total.  CoaljCorrect- 

--  — fn  - - 

1 

H67.9 

Zi 

Z 

1 468.7 

36 

3 

/Z7s.y 

Z1 

* 

12/7.1 

Z4 

5 

10637 

/a 

6 

IZZZ7 

18 

7 

/Z/67 

/9i 

8 

IZGIf 

18 

CALCU  LATED  DATA 


0 

2 


H 

(D 

u 

h 


I 


Q 


A 


H 2 ^ 


2 O 


'i  t 


< 

> 


3 

0 


° 5 

a £ 
< o 

> o: 


Li  Ld  l. 


7/67,9 


H’66.7 


1273.3 


12/4.1 


/ess  v 


/2Z27 


72/64 


726/7 


B 


ii- 

o 

UJ 

0:  □ 
ir  y 

offl 
O 


J 

P 

£ 


ID 


CD 

□ 

2 

3 

0 


<a_ 


> 

a: 

D 


□ w 
y □ 

2 Z 

tr  3 

0 O 

p 

£ 


,?3J8  ^f/.j 


368.3 


3379 


244.8 


2230 


2423 


2227 


IS4.0 


/733 


/883 


/QOG 


191.3 


183.2 


183.6 


J7/6 


D 


kJ 


m 

h* 

(O 

D 

m 

5 

o 

O 


J 

$ 

|2 


□ CO 
LI  Q 
Z Z 

q:  d 

3n° 

ml 


2/9.7 


3077 


2077 


202.4 


167.3 


170.8 


163.7 


738.7 


_i 

□ < 
U o 


h O 


L 

o 


CO 
Q 

5 □ 

D Uj 

Kn°  K 

Je  1C 

t tr  n 

y y ® 
> JL  < 


< 

x 

o 

Q. 

s 

u 


436 


398 


72/ 


70/ 


7.80 


649 


6.33 


6.79 


F 


□ 

y >* 
t q: 

or  a 

o 


CD 

Q 
Z 

u 9 CL 


CL 

< 


L. 

O 


Z 

rvO 


H o 

< [Tq 
> iu 
S A 


-f  84 


4.34 


3.67 


3.43 


6.08 


6.77 


6.64 


7/0 


G 


CD 

a 

u | 

is 

UJ  0-  H 

^ CD 

q:  cl  d 


□ 

u 

!c 

(t 

0 

1 

5 


Ld  UJ  CD 


H 

< 


CL 


o 

O 


336 


4.77 


6/3 


6.0 


603 


7/6 


733 


796 


H 


o 

u 

H 

J 0 

< r y 
h-  cn  cr 
o < tr 
H 


o 

O 


28.2 


43.2 


332 


298 


/ 8.3 


7Z.O 


20  0 


243 


u O 
0.  .. 


D 

H 


□ 
UJ 

o * 

Q ^ 

Z (P 

3 < 

Q3£ 


72437 


/2/0  7 


/^/3Z 


/^39^ 


/32d0 


133/0 


/2S/3 


/23G4 


J 


E . 

Ul  , J 
fl.  ^ < 
0 0 

S O 

0 >- 

hD^ 
QQ  oQ 
CL 


A320/ 


/3£ZV 


132  O / 


13213 


138  39 


/40Q3 


13073 


/3079 


K 


or 

u 

(L 


D 

h 

(D 


□ 

z 

3 

o 


CL 


o 


14499 


14499 


/4499 


14332 


14393 


/ 4893 


/4043 


L 


CC 

ui 

h 

I 


Ul 

O 


1 . 

0 ‘ 


(0 

□ d : 


z 

3 

O 

OL 


2= 

2 

o 

ir 

L 


/46 


/9/.7 


/ 39.4 


13/  7 


142  3 


M 


* z 
< 03  1 


y 


H 


u 


6 J uj 

l o £ 
i qq  a 


o 


£ 


363 


740 


6/3 


786 


330 


J630 


630 


N 


\ l 

U O 

0 L □ 

1 0 H 
y t 

Q_  £ 


70.3 


323 


77 


732 


68. 8 


78.3 


732.0 


387 


73* 


14643 


737.7 


608 


76.2 


0 


U.  10 

t § 


O'  J 

St? 

s 1 


□ 

UJ 

Z 

Z ^ u 
H u 5 
H H 2 

(0  a 
o:< 


j 

< 3 
o O L. 

Q I O 


3.77 


j:jt/ 


3.3“/ 


3.48 


2.92 


3.0 / 


283 


277 


P 


1 z£ 

Li  u T 


^ 0 A 

0 l ^ 


(0  L X 
u ^ 

CD 


337 


3/./ 


Q 


ft: 

UJ 

J 


o 

03 


Q uj 
y h 


>5T 

it 

x 

xD 

O 

>- 

a 

Z 

UJ 


< 

X 

QQ(3  O 
2 q y 
O z L 

O <UJ 


3Z..8 


3/7 


40.9  4/7 


398  398 


394 


46.4 


42.2 

46.4- 


49.0 


49.0 


727 


32.4 


s? 


Cal  oul  at  ions:  - 

Sample  calculations  for  test  #1  will  liere  be 
given  in  order  to  show  the  method  used. 

Weight  of  Water  in  Boiler  at  Start  and  at  End:  The  speci- 

fic volumn  of  water  at  the  pressure  at  start  or  end  multiplied 
by  4.31  gave  the  weight  of  water  at  3-1/4”  glass.  From  Chart  1^ 
and  the  height  of  water  in  glass,  the  correction  was  found, 
which  added  to  or  subtracted  from  the  amount  above  gave  the 
total  weight  in  boiler  at  start  or  finish,  thus, 

4.31  x 59.58  = 256.8 
Correction  from  chart  =-h46. 

256.8  -t—  46  = 302.8  lbs.— wt . at  start. 

A-Equivalent  evaporation  from  and  at  212  degrees: 


1113.1(1130.2  120.8)  17.5(1130.2  191)  285.3(204  191) 

966 

— 1167.9  lbs.  water. 


in  which  ( a) 

w 

(°) 

(*) 


1113.1  =.  water  fed  to  boiler. 

1130.2—  heat  of  mixture  above  32  degrees  as 
evaporated. 

120.8=  heat  of  liquid  at  feedwater  temperature. 
17.5=  excess  water  in  boiler  at  start  over 
that  at  finish. 


(e)  1130.2=  same  as  (b)  . 


38 


(f)  191.0  — lie  at  of  liquid  at  pressure  at  start  of 

test  • 

(g)  285.3  = weight  of  water  in  boiler  at  end. 

(h)  204.0  = heat  of  liquid  at  pressure  at  end  of  test. 

(i)  191.0  - : same  as  (f)  • 

B-Total  Coal,  Corrected  as  Burned; 

Weiglit  of  coal  fired  = 261  lbs. 

Equivalent  coal  in  wood  fired  — 8 x 0.4  =3.2 
Total  coal  fired  = 261  3.  2 = 264.2 

Unburned  coal  assumed  to  be  remaining  in  refuse 

0.432  x 19.5  — 8.4  (where  0.43  carbon  in  refuse.) 
Total  coal  burned  = 264.2  — 8.4  = 255.8 
C- Total  Dry  Coal  Burned: 

Moisture  in  coal  on  air  drying—  2.5$ 

Moisture  in  coal  at  105  deg.C.  = 3.26# 

Total  moisture  in  coal  as  fired 
= 2.5  -t-  3.26(1.00  — .025)  = 5.68# 

Total  dry  coal  = (1.00  — .0568)B  =241.3  lbs. 

D-Total  Combustible: 

Moisture  in  coal  as  fired  = 5.68# 

Ash  in  coal  as  fired  = 8.44# 

Combustible  in  air-dry  coal 

100  -(5.68-t-8.44)  = 85.88# 
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Total  combustible  = .8588  x 255.8  — 219.?  lbs. 

H-Total  Ash.  ( Corrected} : 

Ash.  as  weighed  = l?.l  Lbs. 

Ash  in  refuse  = (wt.  of  refuse  — carbon  in  refuse) 

- 19.5-8.4=  11.1 

Total  ash  = 17. 1-f-  11.1  =28.2  lbs. 

I~B.T.U.Per  Pound  of  Coal  as  Fired: 

B.T.U. of  air-dry  coal  by  calorimeter  = 12771 
Moisture  on  air  3rying=2.5$ 

B.T.U.per  pound  as  f ired  = 0.975  x 12771  = 12,451 

J°3.T.U.Per  Pound  of  Dry  Coal: 

Moisture  in  air-dry  coal  =.  3.26$ 

12771 

B.T.U.  per  pound  air  dry  — — 13,201 

.9674 

K-B.T.U.Per  Pound  of  Combustible: 

Moisture  in  air  dry  coal  = 3.26$ 

Ash  in  air  dry  coal  — 8.66$ 

Combustible  in  air  dry  coal = 1.  ( .0326  i-.0866)  = .8808 

12771 

B.T.U.per  pound  of  combustible  = - — --  =14,499 

.8808 

M- Working  Capacity  of  Boiler: 

In  determining  the  working  capacity  of  the  boiler  it 
was  assumed  that  one  square  foot  of  direct  radiation  requires 
250  B.T.U.  per  hour.  This  is  a value  given  by  different  authori- 
ties. 
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146  x 966 

Capacity  =r  — - = 566  Sq.Ft.  Direct  Radi  at  ion* 

250 

in  which  146  = Evaporation  per  hour  from  and  at  212  degrees* 
Conclusions: 

In  these  experiments  four  diff erent s coals  were 

tested,  namely, 

(a)  Herrin  Ho.  2 Wash  Coal  (tests  1,  2,  and  3)* 

(b)  Chicago  & Herrin  No.  2 unwashed  (test  4)  , 

(c)  Virginia  Black  Band  ( Semi- anthracite,  4W  lump, 

tests  5 and  6 ) 

( d)  .Anthracite  (Egg  size,  tests  ? and  8)  . 

Coals  (a)  and  (b)  are  from  the  same  locality,  Herrin, 
111.,  but  not  from  the  same  mine,  having  been  mined  about  one 
mile  apart . 

It  was  the  intention  at  the  beginning  to  run  two 
tests  on  each  coal  under  the  same  conditions.  This  was  not 
done  except  with  the  last  two  coals. 

In  test  l the  coal  was  fired  in  small  quantities  at 
frequent  intervals.  This  was  a very  unsatisfactory  method  for  it 
required  almost  constant  attention,  which  could  not  be  given 
to  a house  boiler  in  actual  service.  Furthermore,  it  was  im- 
possible to  keep  the  pressure  even  fairly  constant  by  regulating 
the  'draft  by  hand  as  was  done  in  tliis  test.  After  test  1 it  was 
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decided  to  fire  the  coal  in  fifty-pound  quantities  and  to  let 
the  automatic  regulator  operate  the  drafts.  This  method  was 
much  better  than  the  first  one  as  the  fire  required  but  little 
attention  and  the  automatic  regulator  kept  the  pressure  almost 
constant. 

In  the  second  test  an  orifice  was  used  which  caused 
the  boiler  to  work  at  92.5$  of  its  rated  capacity  instead  of 
about  75 % as  was  used  in  the  other  tests. 

In  the  third  test  the  same  method  was  used  as  in  the 
second,  though  a smaller  orifice  was  used  to  make  the  boiler 
work  at  75%  of  its  capacity. 

From  these  three  tests  it  was  found  that  at  full 
capacity  the  boiler  required  57%  more  coal  per  pound  of  water 
than  at  t hree- quarters  capacity,  or  when  carrying  600  square 
feet  of  direct  radiation.  A comparison  of  2,  and  3 shows  that 
the  frequent  firing  required  about  7%  more  coal  than  the  firing 
of  large  quantities  less  frequently.  The  remaining  tests  were 
run  under  the  same  conditions  as  No. 3.  Hence  the  results  of 
No. 3 were  used  in  comparison  with  the  results  of  the  subsequent 
tests . 

The  basis  of  comparison  was  taken  as  "Pounds  of  air 
dry  coal  burned  per  hour  per  hundred  square  feet  of  direct  radia 
tion".  These  values  appear  under  0 in  the  calculated  data  on 
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Only  one  test  was  ran  on  the  Chicago  & Herrin  unwashed 
coal,  as  the  supply  was  exhausted  before  a second  test  could  be 
run.  From  the  results  of  3 and  _4,  which  were  3.51  pounds  and 
3.48  pounds  respectively,  it  appears  that  the  unwashed  was  more 
economical.  We  cannot  conclude  this  from  one  test  on  each  coal, 
as  duplicate  tests  might  show  a difference  in  favor  of  the 
unwashed  coal.  We  can  conclude,  however,  that  the  economy  of 
one  over  the  other  is  small. 

The  results  of  the  two  tests  on  the  Virginia  Black 
Band  coal  agree  very  closely,  2.92  pounds  and  3.01  pounds  per  hr. 
per  hundred  sq.ft.  of  radiation,  which  is  about  14#  less  than 
the  amount  required  with  the  Herrin  coal. 

The  -Anthracite  was  fired  in  about  one  hundred  pound 
quantities,  as  it  would  not  burn  to  advatage  when  less  amounts 
were  fired.  It  required  less  attention  and  burned  more  uniform- 
ly than  any  of  the  other  coals.  It  burned  longer  without  firing 
than  did  the  other  coals,  but  we  cannot  give  it  credit  for  this 
as  the  otlier  coals  were  fired  in  smaller  quantities.  The  econoiiy 
was  higher  than  in  any  of  the  other  tests,  being  2.83  pounds 
and  2.??  pounds,  or  requiring  6.5#  less  coal  than  in  the  use  of 
the  Virginia  Black  Band. 

To  sum  up  the  results  on  the  four  coals,  take  the 
pounds  of  Herrin  washed  coal  per  hour  per  hundred  sauare  feet 
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of  radiation  as  unity,  the  relative  amounts  of  each  coal  require  d 
for  equal  surface  mil  be; 

Herrin  No. 2 washed  1.00 

Chicago  & Herrin  No. 2 unwashed  .99 

Virginia  Black  Band  .85 

Anthracite  .80 

These  results  show  to  a fair  degree  of  accuracy, 
the  comparative  value  of  the  different  coals.  Better  results 
would  be  obtained  if  a few  improvements  were  made  in  the  appara- 
tus and  method,  namely; 

(a)  The  feed  water  thermometer  _5  Fig. 8 should  be  placed 
farther  from  the  boiler,  say  at  Fig. 8,  and  the  pipe  between 

it  and  the  boiler  heavily  lagged.  Then  the  thermometer  would 
not  be  affected  by  the  heat  of  the  boiler  and  be  made  to  read 
higher  than  the  actual  feed  water  temperature,  as  was  possibly 

the  case  in  these  tests. 

. (b)  An  ultimate  analysis  of  the  coal  should  be  obtained, 
for  with  the  proximate  analysis  the  amount  of  unburned  coal 
remaining  in  the  refuse  cannot  be  accurately  determined. 

(c)  In  order  to  prevent  radiation  losses  from  the  boiler, 
it  should  be  covered  with  plastic  asbestos  cement  1-1/4"  thick* 
This  would  require  200  pounds  of  the  material. 

A great  deal  of  trouble  was  experienced  with  the  flue 
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at  tli©  beginning.  In  tlie  first  five  tests  the  chimney  in  the 
wall  of  the  building  was  used.  According  to  rules  given  by  the 
American  Radi  at  or  Company,  this  boiler  should  have,  in  a chimney 
of  this  height,  about  100  square  inches  area.  This  chimney  was 
supposed  to  be  8"  x 16",  or  128  sq.in.  area,  but  at  the  thimble 
it  measures  only  6"x  15-1/2",  or  93  sq.in.  area.  This  would 
possibly  have  worked  Zaad  not  the  smoke  pipe  been  so  long  and 
full  of  elbows  and  cracks.  As  it  was,  the  furnace  woul  d not 
draw.  A small  steam  jet  was  placed  in  the  chimney,  and  suffi- 
cient draft  was  then  obtained.  The  moisture  from  this  steam.  j*et 
soon  soaked  the  bricks  and  mortar  of  the  chimney  to  such  an 
extent  that  its  use  had  to  be  discontinued.  A galvanised  iron 
extension  9 inches  in  di  ameter  and  6 feet  high  was  placed  on 
top  of  the  chimney,  but  this  helped  very  little.  Finally  a 
14  inch  galvanised  iron  stack  40  feet  higli  was  erected  as  is 
shown  in  Fig.8.  This  arrangement  furnished  sufficient  draft  for 
the  furnace. 


